
N66--.82696 
U C C E S S I O N  NUMB 

> 
c (PAGES1 * 
L 

t P &5/ 
&eJ 5w33 

(NASA CR OR TMX OR AD NUMBER) 

GENERAL DYNAMICS 
Convair Division 

e A2136-1 (RN. 5-65) 



a 

- 
EVALEATION OF INCONEL x TO 301 STAINLESS STESL 

RESISTAXCE S?O!IW3LDS AT 78OF Ah9 -&3OFI 

Prepared by: J.L. Christ ian 

GEXEEIAL DYNAMICS/CONVAIR 



! 

I 
i 
1 1 

i 

I 

i 
i 
I 

I 
! 

j 

I 

I 
i 

1 

j 

! 

! 

I 
1 

! 
; 
? 
i 

1 
j 
i 

! 

TO; 

mwr 

SUBJECT: 

Df st r ibut ion 

laterials Research Group, 595-2 

Eval&tion of Inccnel X to 301 Stain 
Spotwelds a t  780P and -423*P, 

, 
A signif icant  reduction i n  the 
rmfssiles and spacecraft could be made wi th  the substituticm 
fnconel X (solution treated and aged) i n  place of annealed 3u 
s t a i n l e s s  s t e e l  as a thrust  r ing material. The yield strength 
sged Incanel X is appraximately 90,009 ps i  ccrnpared t o  30,000 p 
far annealed 321, and bath allays have apprc#imately similar 
uensities. An Inconel X thrust ring cculd be produced by i n t e  
forming ( r ing rolling) or by but t  welding and stress relieving 
followed by proper heat treatment (solution t reated 21Oo0F/4 hrtp 
aged 155OoF/24 hr, and 130O0F/20 hr. and air cooled), 
capable of heat t rea t ing  such rings with proper atmosphere m t r d  
are ccmmercially available. 

Houever, t h e  possible use cf an Inconel X t h r u s t  r i nE  would depend 
upon i ts  welding character is t ics  and its cryogenic temperature 
properties uhen resistance spotwelded t o  t k e  missile skin materfal 
thin gauge ( .010n-.020n) highly cold rolled 301 stainless stee 
sheet. In order t o  aecertain the weldability and determine 8 
schedule several smples cf .060" Inconel X (solution treated 
aged) were resistance spotwelded to .OzDn 301 s ta in less  steel 
(0-71004) on a Taylor Winfield, 100 KWA capecity, machine. 
found that a ,020" tab of stainless s t e e l  sheet vas required QI 
t he  301 S.S. side (see sketch of specimens) t o  obtain a uniform and 
re l iab le  weld. 
tension and t ens i le  shear type s p e c b n s  were made t o  determine the 
rr;echanlcel properties s t  room and subzero t qe ra tu re s .  
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A welding schedule waE b t e w i n e d  and several cross- 

Specimen configurations were as followsr 



CQNVAIR 1 ASTRONAUTICS 
I 

i 

I 

I 

t 

i 
I 1 
j 
/ '  
I 

j 

r I 

Tensile Shear 

0 

0 

t I n c o n e l  X 

~ 

0020" 

Steel 
C Stainless 

lo 
Stainless 
Steel Tab 

i 

Cross Tension 

u- 

A t o t a l  of twenty cross-tensicn and t e n s i l e  shear spotveld s~eclxena 
have been tested at +?@F and 4 3 O F  (see data i n  Table 1) 
tensi le  shear strerigths of s h g l e  spotwelds uere well above the 500 
pounds minimum requirement, and, as may be seen fron: the data 
tabulation, in aff cases the Inccnel X- s t a i n l e s s  steel 
were stronger than the stainles5 steel- s t a i n l e s s  steel 
fiowmw, unt i l  fnrther and mor8 comparative data ere &ice 
the most significant factor is  tiint the tensian/shear ratics 
Inconel X- stainless steel spotwelds ( Q81 a t  7PF, arid 0.21, 
were much superior to stairless steel-stainless steel  sptuelds 
(0.77 at 780F and 0.19 at =320*F). 

It is ala0 sipificant to ncte that t h e  tensi le /shear s t r e n g t h  ratio 
for Inconel X- stainless steel sy;otwelds s t  -423'F is higher thm 
that cf the s ta in le s :  steel-stsinlese steel slotwelds a t  -320'F'. 
Litter represents a condition of use t h a t  has proved to be reliable 
and s&isfactory  in operation cf the Etlae missile. 
on the b a s i s  of these limiteii t e s t s ,  Icccnel X-stainlesr s tee l  welds 
WOUU perform s a t i s f a c t o r i l j  ot l i q u i C  hj-dsocen temperstwe. 
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Definite reccmmndaticns as  to the use of h c c n e l  X for thrust r i n g  
appl icat ions  in present and future Zraducts cm-not 5e nace, j.cwever, 
without a considerable mount of a d d i t i c c e i  data. The Ekterials 
Research Croup has i n i t i a t e d  e t e s t i n g  propran t o  cbtain tke following 
mechanical property data on both mneaied and ar;.e hardeped Ificonel X t  

Ftsy ptu, e, E, and notched/unnctched tensile rztics zt +Ti8'Fj -100*F, 
-32Q°F, and =4.23*F0 
to determine tee cross-tendon and skcar s t r e n 9 k  propert ies  of .O&P 
and .Won Xnconel X and s t a i n l e s s  steel spotuelded to t h i n  gauge skin 
material. 
teqerature s. 

In addition, further t e r t i n g  w i l l  ie perforn;ed 

This  testing will a160 be performed over a range of 

Based upon the l imited t e s t i n g  performed to date, resistarm spotweld 
j c i n t s  betueen aped Inccjnel X and cold rc l led  Type 301 steinless ,steel 
appear t o  posses s  high strengths and reUable, reproducible properties 
at room temperature and at l i q u i d  hydrogen texcpersture. 
p r d s i n g  results merit further consideration of Inccnel X to reduce 
the uefgh'ts of components such as t h u s  

These 

A.  kiurlich 
Research Croup EngimEr 
P f t e r i n l e  &?search &cup 

Distribution: 
W. F. Radcliffe, 

G. I). Dwis, 

A. Haullsath, 

K e  A- b i c k e ,  

R e  S e  - 0 ~ s  

D. Collins, 
L e  l4tmSan , 
C. Pruekner, 
H. Steele, 
K .  iiogeland, 
J. Comber, 

5954 
100-06 
510-1 
597-3 
597-3 
541-1 
53440 
541-3 
593-1 
593-1 
541-3 



a 
4 

z 
v3 zz 

9 

a 

m 
m 

a 
d 

P- 
d 
P) 
h 

t3 
8 

. 

. 

rl 
CJD 

0 0 

. 


